Observations of two of the endemic species of lizards of Malpelo Island provide new information on their natural history, ecology, and population size. Anolis agassizi, the most abundant and broadly distributed lizard, feeds mainly on insects and excrements of marine birds. It sleeps on large rocks, surfaces on hills or on man-made structures and, although it does not defend perch sites like most Anolis do, it does show preferences for high perches where, among other activities, it carries out copulation. Diploglossus millepunctatus, the largest and least abundant lizard, is an opportunistic-predator and scavenger that has a remarkable relationship with the land crab of the island (Johngarthia malpilensis) which it not only eats, but also competes with it for food. Behavior, higher density, larger body size and weight of individual D. millepunctatus living close to cabins suggest that these lizards accommodate to the presence of people by feeding on left-over food.
INTRODUCTION
The ecology of island-inhabiting reptiles has attracted much attention and interest amongst biologists because some of the more remarkable examples of evolution and adaptation have been studied on islands (i.e., Galapagos tortoise and iguanas; Darwin, 1859) . Islands often contain relatively high numbers of endemic species. Among the best known reptile examples is the lizard genus Anolis, which has served as a model species for evolutionary studies (Losos, 1994; Nicholson et al., 2005) . Almost all of the Caribbean and Pacific islands off the American continent have at least one endemic lizard. Malpelo Island harbors three unique species: Anolis agassizi Stejneger 1900, Diploglossus millepunctatus O'Shaughnessy 1874, and Phyllodactylus transversalis Huey 1975. Twelve papers have been published on the three endemic lizard species inhabiting Malpelo Island. In addition to the original descriptions, studies have presented data on general aspects of the natural history of the lizards as well as minor details on their genetic variation and karyotypes. Most of these studies were based on observations and specimens obtained in 1972 during an expedition of the Smithsonian Institution (Huey, 1975; Kiester, 1975; Rand et al., 1975; Stamm and Gorman, 1975; Webster, 1975) , while others are the result of sporadic observations made by scientists and collectors (Slevin, 1928; Dunn, 1939; Prahl, 1990; Brando et al., 1992; Álvarez-Rebolledo et al., 1999; López-Victoria, 2006) .
We carried out density studies and we captured, marked, and followed specific individuals to fill in some gaps in our understanding of the ecology and behavior of these lizards. Herein, we present new data on the reproduction, feeding ecology, daily activity patterns, and current status of the populations of two of the three endemic lizard species of Malpelo.
STUDY AREA
Malpelo is an oceanic island surrounded by eleven islets, located 380 km from the nearest spot of the Colombian Pacific mainland coast (4°00'11'' N, 81°36'30'' W). It has a surface area of nearly 1.2 km 2 and its maximum height is 300 m above sea level (López-Victoria and Rozo, 2006) . Due to its volcanic origin, its topography is mainly rough, with steep slopes all around. The majority of the island surface lacks vegetation, apart from hosting a permanent cover of microalgae, lichens and mosses, scattered spots of grass, and a species of creeping fern not exceeding 200 m 2 . Scattered patches of grass, shrubs and ferns occur on some of the northern and southern islets (Wolda, 1975; Prahl, 1990; López-Victoria and Rozo, 2006) .
MATERIALS AND METHODS
Colombia's biggest nesting colony of sea birds is found on Malpelo, which is particularly notable for the high number of Nazca Boobies (Sula granti) occuring there (around 40000 pairs; López-Victoria and Rozo, 2007) . Apart from sea birds and lizards, the most conspicuous inhabitant of the island is a terrestrial crab, Johngarthia malpilensis, which is also an endemic species of Malpelo (Türkay, 1970) .
In May-June of 2006, we carried out detailed and sporadic observations of Malpelo's lizards, from 0600 to 2400 hours, most of them on the eastern side of the island (surrounding the Colombian Navy facilities). We randomly captured 92 individuals of A. agassizi and 30 of D. millepunctatus. Each individual was measured for snout-vent length (SVL) and total length (snout to tail tip= TL) with a calibrator or metric tape, and then was weighed with a digital balance (averages are shown here with ± 1 standard error). After being measured all lizards were released.
We recorded the general distribution (presence/absence) of these two species on field maps of Malpelo and its surrounding islets. We estimated their density during daylight, based on seven band-transects of 100 x 4 m (400 m 2 ). Estimated densities were extrapolated to the surface of Malpelo, excluding from the calculations those sectors where no individuals were registered or where their densities were very low. To facilitate tracking some individuals and to determine their distributional changes from day to night, we marked with color dots the backs of 30 A. agassizi individuals and 12 D. millepunctatus individuals. Unique forms of the tail tips of several individuals of D. millepunctatus living near the Naval residence huts allowed us to make repeated observations on these individuals. Observations on reproduction and ecological interactions are the results of tracking specific individuals combined with some events that were witnessed haphazardly. Some observations have been complemented with personal communications from colleagues and Colombian Navy staff.
RESULTS

Anolis agassizi
Females of this species are gray with clear spots on the back, and with greenish tones enhanced on the legs, tail and part of the abdomen. Maximum size of females was 8.3 cm SVL with a total length of 26 cm (average 21.5 cm TL ± 0.5). Females' maximum weight was 15 g. Males are of two morphotypes: one very similar to that of females, but with a more robust body and dark-gray color with green tones (max. size 8.4 cm SVL, 26.7 cm LT; average 23.5 cm LT ± 0.8; max. weight 17 g). The second morphotype, much more conspicuous, is dark gray in color on the back with clear spots, a blue belly and blue bands on the tail, and a very dark, prominent crest. Maximum size of this blue morphotype was 11 cm SVL with a total length of 33 cm (average 27.7 cm TL ± 0.5 cm); tail length was about twice the body length. The maximum weight recorded was 37.2 g, with an average of 25.3 g (± 1.5) for adults. Juveniles have a brown olive color with a marked longitudinal line of light tan color on the back and a variable pattern of small dark spots ( Figure 1a ). The smallest juvenile recorded was 2.7 cm SVL (6.7 cm TL). We observed this species active only during daylight hours. When exposed rock surfaces became hot due to sun exposure, lizards were active but remained in shaded areas, like the shadows projected by Nazca boobies. During nighttime, A. agassizi gathered in high places, with several individuals congregating in sleeping sites of three kinds: a) on big boulders (>1 m diameter and >1 m height), b) on vertical walls of the hill sides where, at sunset, up to 30 individuals per m 2 of both sexes and all ages, aggregated, and c) on man-made structures, such as the walls of the huts, steel cables, or antennae. Based on tracking of the 30 marked individuals,
we established that at least 15 to 18 of them (50 to 60 %) returned to the same sleeping sites during seven consecutive nights, suggesting some fidelity toward those sites (Figure 1b ). Individuals that lived within and on the huts remained active after dark, capturing insects attracted by the light of the lamps.
During daytime, individuals of A. agassizi were distributed around their sleeping sites and we found some of them more than 50 m away from the places where they had been marked. Individuals not wandering around on rocks hunting insects were distributed around nests of Nazca boobies, frequently in groups of up to eight, feeding on excrements dropped by the birds and on flies drawn by the birds' droppings. We also saw them preying upon small terrestrial crabs. In the vicinity of the huts we saw some individuals eating leftover food, but usually losing the contest for this resource to surrounding crabs and D. millepunctatus. Anolis agassizi was particularly active during periods of rain, taking advantage of flooded areas where insects were escaping from drowning. On these occasions A. agassizi also captured earthworms, which were underground and thus unavailable except during flooding. The predators of A. agassizi that we observed included adult terrestrial crabs, D. millepunctatus and, occasionally, migratory birds (Figure 1d ).
On three occasions we observed what appeared to be stereotypic copulatory behavior. The male mounted the female dorsally, grasping her neck skin with the snout tip while introducing his hemipenis into her cloaca (Figure 1c ). In two of the three events the pairs were adhering to a vertical wall and, in the other event, the pair was on top of a large rock. The three copulations lasted between 15 and 20 min. Despite intensive searches for eggs, we only found one, white in color with a soft texture, hidden between the branches of a terrestrial fern in the eastern side of the island. The egg contained a 1.6 cm SVL embryo.
This species is distributed throughout the main island and islets almost on every surface, including areas very close to the sea (supralittoral zone). The average density of A. agassizi was 37.3 inds 400 m -2 (± 9.7), ranging from 8 to 71 individuals per transect. Based on the surfaces inhabited by this lizard, and assuming a uniform average density in those surfaces (0.09 individuals m -2 ), we estimated a total population of between 60000 and 102000 individuals inhabiting Malpelo and its surrounding islets.
Diploglossus millepunctatus
This is a robust, strong species and the largest of the three lizard species living on Malpelo. Maximum size of adults was 28 cm SVL (average 21.9 cm ± 1.2) with tails of up to 23.5 cm. Few attain that size, however, because tails are lost, partially, during fights or from pecks given by boobies when lizards come close to their nests. Maximum adult weight was 498 g, with an average of 315.1 g (± 19.2); the smallest juvenile measured was 6.5 cm SVL and weighed 4.6 g (12.8 cm TL). Based on their external appearance, males of D. millepunctatus may only be differentiated from females by their larger size and, when they reach maturity, by relative head size (males have relatively larger heads). All individuals were dark metallic brown with clear small spots. Spots were much more conspicuous in juveniles.
We found the largest D. millepunctatus individuals around the Naval huts, and almost all of them exploited the permanent supply of wastes (leftovers of raw and processed food) as a food source. At least 20 individuals (marked or with individually recognizable tails) spent most of the day near the huts, or arrived at meal times ( Figure  2a) . Adult D. millepunctatus were active mainly during the day, although we also observed some hunting during the night. Juveniles were usually hidden among rocks during the day, and emerged from crevices at night to actively search for food. Diploglossus millepunctatus: a) Disputing some leftovers with the land crabs, close to the Navy facilities, b) Adult male eating a land crab it trapped between the rocks, c) Adult eating a flying fish (Exocoetidae) stolen from a booby that was feeding its chick, d) Pre-mating, the male holding the female from the head.
Diploglossus millepunctatus consumes everything it finds in its path and may be classified as a scavenger-opportunist predator. It has a particular predilection for terrestrial crabs, amphibious crabs (Grapsus grapsus), bird carcasses, eggs and chicks of Nazca boobies, and lizards (including its own species). On two occasions a b d c we observed two large males eating juveniles and on two other occasions we recorded two males eating females of A. agassizi.
While tracking large adults, we were able to document their strategy for capturing and consuming terrestrial crabs. When an individual captures a juvenile crab, they chew slowly and swallow them almost entire (Figure 2b) . When large crabs are captured, after being chased and cornered against rocks, the lizard initiates a methodic routine to dismember and consume them. First, it pulls off, one by one, the crab's walking legs and pincers, then opens the belly of the crab by hyper-extending the abdomen backwards and upwards, until the crab shell yields, exposing the soft internal parts. Once the soft internal parts of the crabs are eaten, D. millepunctatus sometimes feeds on the legs. Remaining portions of depredated crabs are consumed by other crabs or by A. agassizi. On some occasions, crabs hid inside crevices with their pincers projected outwards, so that they were able to repel lizard attacks.
Nazca booby chicks expelled from the nest represented an important food source for lizards, which continually wander around active nests. Crabs also may attain a chick when they outnumber the lizards in the vicinity. The fate of a chick depends on numerous factors: which predator species has first access to the prey, the lizard's size, and the number of crabs involved in the dispute for the chick. Eggs abandoned by boobies are also food sources disputed by lizards and crabs.
Fishes regurgitated by adult boobies when feeding their chicks occasionally fell on the ground and were stolen by lizards. Apparently, lizards recognize the movements and calls made by chicks and their parents at feeding time and remain alert, staying near the nests, from where they are expelled violently by the boobies that occasionally injure lizards with their sharp, pointed beaks. Only when an adult regurgitates inside the chick's beak and both of them have their beaks united are lizards able to obtain prey, if any has fallen in the process (Figure 2c) . Also, sometimes a chick full of food vomits a fish, and lizards and crabs will take advantage.
The sole predators of adult lizards are some migratory birds (herons and hawks, for example), whereas juveniles are hunted by conspecific adults as well as, on occasions, terrestrial crabs. The lizards freely gathering together for feeding, even when they are surrounded by crabs, producing an interesting simultaneous relationship of predator-prey and food competition. The direction of the predatory-prey relationship may even be reversed in situations when crabs exceed the lizards in number, which occurs frequently (Figure 2a) . When crabs are too abundant, lizards abandon the contest.
On four occasions we observed the pre-copulatory behavior of this species, in which one or two males grasped a female by the head with their jaws, holding this position for more than an hour (Figure 2d ). We did not observe copulation in any of these four cases and neither did we witness any form of pre-coital courting.
Diploglossus millepunctatus is not a good climber and its distribution on Malpelo and the surrounding islets is limited to sectors with slopes of moderated inclination. Based on estimations of the surfaces inhabited by this lizard, and assuming an average density on those surfaces of 0.017 individuals m -2 , we estimated a total population of 12000 to 18000 individuals inhabiting Malpelo and its surrounding islets.
DISCUSSION
Anolis agassizi exhibits sleeping site fidelity, although this lizard wanders during the day, reaching distances of from a few meters to up to 150 m or more from its sleeping site (Rand et al., 1975; Pers. obs.) . Most species of Anolis are arboreal, typically perching in trees and shrubs (Fläschendräger and Wijffels, 1996) . However, it is known that some species of Anolis may also live predominantly on the ground, and although some of them do so facultatively or segregated by gender (i.e., A. bimaculatus), others occupy that habitat even in sites with abundant vegetation (i.e., A. humilis) or in rocky biotopes (i.e., A. gadovi), like those available in Malpelo (Fläschendräger and Wijffels, 1996) . The use by A. agassizi of high perches during the night might be both a strategy for resting safe from the ambush of crabs and Diploglossus, as well as a remnant characteristic inherited from its arboreal ancestors. Rand et al. (1975) carried out an experiment with colored candies and established the preference of A. agassizi for orange and yellow colors. They suggested that the preference of these lizards for those two colors could be the result of their great interest in the birds' egg-yolks, assuming that boobies' eggs are broken in significant numbers during the reproductive season. We offer an alternative hypothesis; that the most likely explanation for the particular predilection for such colors is more related to bird droppings than to their eggs, because a portion of the bird excrement has a color between orange and yellow, and this particular portion is avidly eaten by A. agassizi just after it is projected out of the nest by the birds. In contrast, eggs usually are broken due to the action of crabs or D. millepunctatus, two competitors against which A. agassizi has few chances of winning, so they only occasionally are able to obtain some remainders of yolk or albumen spilled on the rocks (see López-Victoria and Werding, 2008) . Rand et al. (1975) reproduced some A. agassizi in captivity, providing data on the size of the eggs laid and the laying frequency as well as the size of the neonate at birth. The couplings of A. agassizi we observed are the first documented in its natural habitat and the egg found is the first indication of how this Anolis species protects its brood from predators such as D. millepunctatus and the terrestrial crabs. Because the vegetation cover of higher plants in Malpelo is low, it is expected that Anolis' eggs are laid in holes burrowed in the scarce soil or in crevices of the vertical walls, out of reach of the potential predators (though we failed to find any despite searching intensively). Kiester (1975) recorded maximum size and weight for D. millepunctatus of 25 to 26 cm (SVL) and 268 g, while Prahl (1990) recorded sizes up to 26.4 cm (supposedly SVL) and weights up to 271 g. The biggest individual we found exceeded by just 2 cm the records of maximum size of those authors, but regarding weight, the difference was more than 220g! The enormous difference in weight we recorded is most likely due to overfeeding, as many of the lizards we measured around the huts feed from the leftovers produced by the soldiers. A comparative study on size and weight among both sectors of the island (eastern side vs. western side) would help to confirm this explanation and to evaluate the impact of this additional source of food on the population. Also the biggest terrestrial crabs were found in areas surrounding huts (López-Victoria and Werding, 2008) .
In his scheme of trophic relations of Malpelo's organisms, Wolda (1975) left open the question regarding hunting by D. millepunctatus of terrestrial crabs. It is clear that the lizard not only avidly preys upon crabs of every size and age, but it has an effective strategy for chasing and hunting them, after which it dissects and eats the crabs. Nonetheless, the relationship between crabs and D. millepunctatus is hard to define, since they are at times in direct competition for food resources and at others, involved more in a predator-prey relationship. Kiester (1975) described the feeding habits of D. millepunctatus as "unusual", suggesting that insects would be its main source of food, in particular during its juvenile stage. Although it is true that juveniles feed on insects and small crabs during the night, adults are predators and scavengers of a wide spectrum of prey, displaying little interest in insects, which are the typical prey of A. agassizi and P. transversalis. Remainders of crabs and feathers found in the stomachs of D. millepunctatus by Slevin (1928) and by Dunn (1939) , as well as fish regurgitated by the boobies, suggested by Kiester (1975) as food craving by adult lizards, give good accounts of its assorted diet. Even today, a few individuals may be fed exclusively on leftovers produced by humans. Kiester (1975) did not find intermediate sizes of D. millepunctatus, suggesting that individuals less than 18 cm long either hide in crevices or this lizard has a seasonal or erratic reproduction, and he studied the population "just before the next reproductive event". Although it is true that reproduction seems to be associated to the period of greater activity of the boobies, between April and the end of the year (López-Victoria and Estela, 2007) , it is also likely that Kiester did not have the opportunity to see individuals of small or medium size because he did not carry out nocturnal observations, the time when juveniles of D. millepunctatus seem to be more active (maybe as a strategy to prevent depredation during the day). In any case, the reproductive cycles of this lizard, as well as many other aspects of its general biology (for example, juveniles' diet) have not been studied in detail.
Previous estimations of Kiester (1975) and Rand et al. (1975) on population sizes of A. agassizi and D. millepunctatus suggested between 140000 and 206000 for the former and nearly 100000 individuals for the second species. López-Victoria (2006) suggested ca. 120000 individuals for Diploglossus. Only the estimations on population size of Anolis made by Rand et al. (1975) coincides with our results. In the case of Diploglossus, the population size seems to be much less than that estimated in previous studies. The higher values found in the study of López-Victoria might be biased due to methodology, as that study utilized the same transects to estimate lizard density as were used to evaluate nesting activity of boobies. Since these lizards (Anolis and Diploglossus) have a distribution that seems to be highly influenced by nesting of marine birds (Kiester, 1975; Rand et al., 1975; López-Victoria, 2006) , it is likely that previous density values were overestimated, because lizards gather around active nests searching for food.
